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SYSTEMS AND METHODS FOR
DETERMINING NEW ROADS ON A MAP

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/CN2017/114761, filed on Dec. 6, 2017, the
contents of which are imcorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates generally to systems and
methods for image segmentation, and more particularly, to

systems and methods for image segmentation based on deep
convolutional neutral network (DCNN).

BACKGROUND

Map-based digital navigation and on-demand services
have become increasingly popular. However, maps used for
navigation or on-demand service need to be updated fre-
quently to keep up with the fast pace of city development
(e.g., new roads construction). Conventional semantic image
segmentation, which 1s used for processing maps and obtain-
ing detailed information about maps, presents difliculties 1n
identifying new roads on a map. Thus, there 1s a need for
systems and methods that can be used to determine new
roads on a map accurately and efliciently.

SUMMARY

In an aspect of the present disclosure, a system may
include at least one computer-readable storage medium
including a set of instructions and at least one processor 1n
communication with the at least one computer-readable
storage medium. When executing the instructions, the at
least one processor may be directed to obtain a first road
network i1mage of a region, the first road network image
including a first plurality of roads; determine a second road
network 1image of the region based on a map of the region
with a trained deep convolution neural network (DCNN)
model, the second road network image including a second
plurality of roads that are not present in the first road
network 1mage; determine a third road network 1mage of the
region by concatenating the first road network image and the
second road network 1mage, the third road network image
including information of the first road network image and
the second road network 1mage; and determine a fourth road
network 1mage of the region by processing the third road
network with at least one convolution layer, the fourth road
network including the second plurality of roads.

In some embodiments, the at least one processor may be
turther directed to change the first plurality of roads in the
first road network 1mage from a first width to a second width,
wherein the first plurality of roads and the second plurality
ol roads 1n the second road network 1mage have the second
width.

In some embodiments, to obtain the trained DCNN
model, the at least one processor may be directed to: obtain
a preliminary DCNN model; obtain a plurality of maps and
a plurality of road network images corresponding the plu-
rality of maps; train the preliminary DCNN model based on
the plurality of maps and the plurality of road networks; and
determine the trained DCNN model based on the prelimi-
nary DCNN model and a loss function.
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2

In some embodiments, the at least one convolution layer
may be part of the trained DCNN model.

In some embodiments, the tramned DCNN model may
include one or more pairs of convolution layer and pooling
layer, at least one atrous convolution layer, one or more
deconvolution layers, and one or more skip layers.

In some embodiments, the trained DCNN model may
include: one or more atrous convolution layers configured to
improve the resolution of a feature 1mage from a first value
to a second value; and one or more skip layers configured to
combine two feature 1mages mto one combined feature
1mage.

In some embodiments, wherein to combine the two fea-
ture 1mages into the one combined feature image, the first
skip layer may be configured to: combine the two feature
images 1nto the one combined feature 1mage element-by-
clement.

In some embodiments, the one combined feature 1image
may include features of both the two feature images.

In some embodiments, the size of the second road net-
work 1mage may be same as the size of the first road network
image.

In some embodiments, to determine the third road net-
work 1mage of the region by concatenating the first road
network 1image and the second road network image, the at
least one processor may be directed to determine the third
road network image by inputting the first road network
image and the second road network image into a concat-
cnation layer of the trained DCNN model.

In some embodiments, the at least one processor may be
further directed to: determine two ends of each of the second
plurality of roads based on the fourth road network image;
and determine coordinates of the two ends according to a
Hough transform.

In another aspect of the present disclosure, a method
implemented on at least one map processing device for
determining roads on a map. The method may include
obtaining, by the at least one map processing device, a first
road network 1mage of a region, the first road network image
including a first plurality of roads; determining, by the at
least one map processing device, a second road network
image of the region based on a map of the region with a
trained deep convolution neural network (DCNN) model,
the second road network image including a second plurality
of roads that are not present in the first road network 1mage;
determining, by the at least one map processing device, a
third road network 1mage of the region by concatenating the
first road network image and the second road network
image, the third road network image including information
of the first road network 1image and the second road network
image; and determining, by the at least one map processing
device, a fourth road network image of the region by
processing the third road network with at least one convo-
lution layer, the fourth road network including the second
plurality of roads.

In a further aspect of the present disclosure, a non-
transitory medium storing instructions, the instructions,
when executed by at least one map processing device,
causing the at least one map processing device to implement
a method. The method may i1nclude obtaining a first road
network 1mage of a region, the first road network image
including a first plurality of roads; determining a second
road network image of the region based on a map of the
region with a trained deep convolution neural network
(DCNN) model, the second road network image including a
second plurality of roads that are not present 1n the first road
network 1image; determining a third road network image of
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the region by concatenating the first road network 1image and
the second road network image, the third road network
image including information of the first road network image
and the second road network image; and determining a
fourth road network 1mage of the region by processing the
third road network with at least one convolution layer, the
tourth road network including the second plurality of roads.

Additional features will be set forth 1n part 1n the descrip-
tion which follows, and 1n part will become apparent to
those skilled in the art upon examination of the following
and the accompanying drawings or may be learned by
production or operation of the examples. The features of the
present disclosure may be realized and attained by practice
or use of various aspects of the methodologies, 1nstrumen-
talities and combinations set forth in the detailed examples
discussed below.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

The present disclosure 1s further described in terms of
exemplary embodiments. These exemplary embodiments
are described in detail with reference to the drawings. These
embodiments are non-limiting exemplary embodiments, 1n
which like reference numerals represent similar structures
throughout the several views of the drawings, and wherein:

FIG. 1 1llustrates an exemplary network environment of a
map processing system according to some embodiments of
the present disclosure;

FIG. 2 illustrates an exemplary computing device on
which the map processing system can be implemented
according to some embodiments of the present disclosure;

FIG. 3 illustrates an exemplary mobile device on which
the on-line services can be implemented according to some
embodiments of the present disclosure;

FIG. 4 1llustrates an exemplary processing engine accord-
ing to some embodiments of the present disclosure;

FIG. 5 1s a block diagram of an exemplary processing
module according to some embodiments of the present
disclosure:

FI1G. 6 illustrates a flowchart of an exemplary process for
determining new roads according to some embodiments of
the present disclosure;

FIG. 7 1llustrates a schematic diagram for determining a
new road network 1image of a region based on a road network
of the region and a map including the region according to
some embodiments of the present disclosure;

FIG. 8 1s a schematic diagram 1llustrating an exemplary
network structure of a DCNN model according to some
embodiments of the present disclosure;

FIG. 9 illustrates an exemplary flowchart for training a
machine learning model according to some embodiments of
the present disclosure; and

FIG. 10 1llustrates a schematic diagram for determining
new roads on a map according to some embodiments of the
present disclosure.

DETAILED DESCRIPTION

The following description 1s presented to enable any
person skilled 1mn the art to make and use the present
disclosure, and 1s provided in the context of a particular
application and 1ts requirements. Various modifications to
the disclosed embodiments will be readily apparent to those
skilled 1n the art, and the general principles defined herein
may be applied to other embodiments and applications
without departing from the spirit and scope of the present
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4

disclosure. Thus, the present disclosure 1s not limited to the
embodiments shown, but 1s to be accorded the widest scope
consistent with the claims.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and 1s not
intended to be limiting. As used herein, the singular forms

“a,” “an,” and “the” may be mntended to include the plural

forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprise,”

A B Y - R 4

“comprises,” and/or “comprising,” “include,” “includes,’
and/or “including,” when used in this specification, specily
the presence of stated features, integers, steps, operations,
clements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

These and other features, and characteristics of the present
disclosure, as well as the methods of operation and functions
ol the related elements of structure and the combination of
parts and economies of manufacture, may become more
apparent upon consideration of the following description
with reference to the accompanying drawings, all of which
form a part of the present disclosure. It 1s to be expressly
understood, however, that the drawings are for purposes of
illustration and description only and are not intended to limait
the scope of the present disclosure. It 1s understood that the
drawings are not to scale.

The flowcharts used in the present disclosure illustrate
operations that systems implement according to some
embodiments in the present disclosure. It 1s to be expressly
understood, the operations of the flowchart may be 1imple-
mented not in order. Conversely, the operations may be
implemented in 1nverted order, or simultaneously. More-
over, one or more other operations may be added to the
flowcharts. One or more operations may be removed from
the flowcharts.

Moreover, while the system and method 1n the present
disclosure 1s described primarily in regard to determine a
new road network 1mage, 1t should also be understood that
the present disclosure 1s not intended to be limiting. The
system or method of the present disclosure may be applied
to any other applications, such as, a contour line determi-
nation from a remote sensing image, e¢tc. For example, the
system or method of the present disclosure may be applied
to transportation systems ol different environments 1nclud-
ing land, ocean, aerospace, or the like, or any combination
thereof. The vehicle of the transportation systems may
include a taxi, a private car, a hitch, a bus, a train, a bullet
train, a high speed rail, a subway, a vessel, an aircraft, a
spaceship, a hot-air balloon, a driverless vehicle, or the like,
or any combination thereof. The transportation system may
also 1include any transportation system for management, for
example, a system for sending and/or receiving an express.
The application of the system or method of the present
disclosure may be implemented on a user device and include
a webpage, a plug-in of a browser, a client terminal, a
custom system, an internal analysis system, an artificial
intelligence robot, or the like, or any combination thereof.

The terms “passenger,” “requestor,” “service requestor,”
and “user” in the present disclosure are used interchangeably
to refer to an individual, an entity, or a tool that may request
or order a service. Also, the term “driver,” “provider,” and
“service provider” in the present disclosure are used inter-
changeably to refer to an individual, an entity, or a tool that
may provide a service or facilitate the providing of the
service.
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The terms “request for a service,” “requests,” “order,” and
“service order” in the present disclosure are used inter-
changeably to refer to a request that may be initiated by a
passenger, a service requestor, a user, a driver, a provider, a
service provider, or the like, or any combination thereot. The
service request may be accepted by any one of a passenger,
a service requestor, a user, a driver, a provider, or a service
provider. The service request may be chargeable or iree.

The term “driver device” 1n the present disclosure 1s used
to refer to a mobile terminal that 1s used by a service
provider to provide a service or facilitate the providing of the
service. The term “terminal device™ 1n the present disclosure
1s used to refer to a mobile terminal that 1s used by a service
requestor to request or order a service.

It should be noted that the new roads determination 1n the
present disclosure, which may be used in map applications,
or on-demand services, such as online taxi hailing, 1s a
newly emerged service rooted in post-Internet era. It pro-
vides technical solutions to users that could rise only in
post-Internet era. In the pre-Internet era, newly recon-
structed roads are updated manually. The manual updating
process 1s time consuming. However, the map processing
system described 1n the present disclosure 1s able to deter-
mine new roads 1n forms of road network 1mages automati-
cally based on historical road network images and current
maps or high-resolution aerial images. The system may
determine new roads of a certain region 1n a very short time.
Therefore, through Internet, the map processing system may
provide a more accurate and eflicient way to determine new
roads that may never be met 1 a traditional pre-Internet
scenario.

The present disclosure 1s directed to systems and methods
for determining new roads on a map. New roads on a map
may be determined based on a historical road network that
may not include the new roads. At least a deep convolutional
neural network may be provided for performing one or more
operations, such as a convolution operation, a concatenation
operation, on the historical road network and the map to
identifving the new roads.

The terms “road map”, “map,” and “map 1mage,” in the
present disclosure are used interchangeably to refer to an
image ol a map which includes roads and point of interests
(e.g., buildings, mountains, etc.) 1n a region. Also, the term
“road network,” and “road network image” 1n the present
disclosure are used interchangeably to refer to an 1mage of
a road network which includes a plurality of interconnected
roads 1n a region. In addition, the machine learning models
or one or more layers of the machine learning models 1n the
present disclosure, unless specified, may be trained accord-
ing to certain embodiments described, for example, in FIG.
9 and the descriptions thereof.

FI1G. 1 1llustrates an exemplary network environment of a
map processing system according to some embodiments of
the present disclosure. The map processing system 100 may
be an online service platform for providing map related
services. The map processing system 100 may include a
server 110, a network 120, a user terminal 130, a driver
device 140, and a storage 150. The map processing system
100 may further include a positioning device 170 (not shown
in FIG. 1).

The map processing system 100 may provide a plurality
of services. Exemplary services may include a map update
service, a navigation service, an on-demand service (e.g., a
tax1 hailing service, a chaufleur service, an express car
service, a carpool service, a bus service, or a driver hire
service), or the like, or a combination thereof.
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The server 110 may process map-related data and/or
information from one or more components of the map
processing system 100 or an external data source (e.g., a
cloud data center). The server 110 may communicate with
the user terminal 130 and/or the driver device 140 to provide
various functionality of online services. In some embodi-
ments, the server 110 may be a single server, or a server
group. The server group may be a centralized server group
connected to the network 120 via an access point, or a
distributed server group connected to the network 120 via
one or more access points, respectively. In some embodi-
ments, the server 110 may be locally connected to the
network 120 or 1n remote connection with the network 120.
For example, the server 110 may access information and/or
data stored 1n the user terminal 130, the driver device 140,
and/or the storage 150 via the network 120. As another
example, the storage 150 may serve as backend data storage
of the server 110. In some embodiments, the server 110 may
be 1mplemented on a cloud platform. Merely by way of
example, the cloud platform may include a private cloud, a
public cloud, a hybrid cloud, a community cloud, a distrib-
uted cloud, an inter-cloud, a multi-cloud, or the like, or any
combination thereof. In some embodiments, the server 110
may be implemented 1n a computing device 200 having one
or more components illustrated 1 FIG. 2 1n the present
disclosure.

In some embodiments, the server 110 may include a
processing engine 112. The processing engine 112 may
process information and/or data related to one or more
functions described 1n the present disclosure. In some
embodiments, the processing engine 112 may perform main
functions of the map processing system 100. In some
embodiments, the processing engine 112 may process maps
to determine new roads on the maps. For example, the map
processing system may determine a road network image
including new roads based on a road map using a machine
learning model. In some embodiments, the processing
engine 112 may perform other functions (e.g., map updat-
ing) related to the method and system described in the
present disclosure.

In some embodiments, the processing engine 112 may
include one or more processing units (e.g., single-core
processing engine(s) or multi-core processing engine(s)).
Merely by way of example, the processing engine 112 may
include a central processing umt (CPU), an application-
specific 1tegrated circuit (ASIC), an application-specific
instruction-set processor (ASIP), a graphics processing unit
(GPU), a physics processing unit (PPU), a digital signal
processor (DSP), a field programmable gate array (FPGA),
a programmable logic device (PLD), a controller, a micro-
controller unit, a reduced 1nstruction-set computer (RISC), a
microprocessor, or the like, or any combination thereof.

The network 120 may facilitate exchange of information
and/or data. In some embodiments, one or more components
in the map processing system 100 (e.g., the server 110, the
user terminal 130, the driver device 140, the storage 150)
may send information and/or data to other component(s) in
the map processing system 100 via the network 120. For
example, the processing engine 112 may obtain a plurality of
road network 1mages from the storage 150 via the network
120. As another example, the processing engine 112 may
transmit new roads determined on a map to the user terminal
130 via the network 120. In some embodiments, the network
120 may be any type of wired or wireless network, or
combination thereof. Merely by way of example, the net-
work 120 may include a cable network, a wireline network,
an optical fiber network, a tele communications network, an
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intranet, an Internet, a local area network (LAN), a wide area
network (WAN), a wireless local area network (WLAN), a
metropolitan area network (MAN), a wide area network
(WAN), a public telephone switched network (PSTN), a
Bluetooth network, a ZigBee network, a near field commu-
nication (NFC) network, or the like, or any combination
thereol. In some embodiments, the network 120 may include
one or more network access points. For example, the net-
work 120 may include wired or wireless network access
points such as base stations and/or internet exchange points
120-1, 120-2, . . . , through which one or more components
of the map processing system 100 may be connected to the
network 120 to exchange data and/or information.

The user terminal 130 and/or the driver device 140 may
communicate with the server 110 via the network 120. In
some embodiments, a passenger may be an owner of the user
terminal 130. In some embodiments, the owner of the user
terminal 130 may be someone other than the passenger. For
example, an owner A of the user terminal 130 may use the

user terminal 130 to send a service request for a passenger
B, and/or receive a service confirmation and/or information
or 1nstructions from the server 110. In some embodiments,
a driver may be a user of the driver device 140. In some
embodiments, the user of the driver device 140 may be
someone other than the driver. For example, a user C of the
driver device 140 may use the driver device 140 to receive
a service request for a driver D, and/or iformation or
istructions from the server 110. In some embodiments, a
driver may be assigned to use one of the driver device 140
for at least a certain period of time. For example, when a
driver 1s available to provide an on-demand service, he/she
may be assigned to use a driver terminal that receives the
carliest request and a vehicle that 1s recommended to per-
form the type of on-demand service. In some embodiments,
“passenger” and “terminal device” may be used interchange-
ably, and “driver” and “driver device” may be used inter-
changeably. In some embodiments, the driver device 140
may be associated with one or more drivers (e.g., a night-
shift driver, a day-shift driver, or a driver pool by a random
shifting).

A passenger may receive new roads on a map via the user
terminal 130. In some embodiments, the user terminal 130
may obtain a road map from the processing engine 112 via
the network 120. The user terminal 130 may include a
mobile device 130-1, a tablet computer 130-2, a laptop
computer 130-3, a built-in device 1 a vehicle 130-4, or the
like, or any combination thereof. In some embodiments, the
mobile device 130-1 may include a smart home device, a
wearable device, a smart mobile device, a virtual reality
device, an augmented reality device, or the like, or any
combination thereof. In some embodiments, the smart home
device may include a smart lighting device, a control device
of an mtelligent electrical apparatus, a smart monitoring
device, a smart television, a smart video camera, an inter-
phone, or the like, or any combination thereof. In some
embodiments, the wearable device may include a smart
bracelet, a smart footgear, a smart glass, a smart helmet, a
smart watch, smart clothing, a smart backpack, a smart
accessory, or the like, or any combination thereof. In some
embodiments, the smart mobile device may include a smart-
phone, a personal digital assistance (PDA), a gaming device,
a navigation device, a point of sale (POS) device, or the like,
or any combination thereof. In some embodiments, the
virtual reality device and/or the augmented reality device
may include a virtual reality helmet, a virtual reality glass,
a virtual reality patch, an augmented reality helmet, an
augmented reality glass, an augmented reality patch, or the
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like, or any combination thereof. For example, the virtual
reality device and/or the augmented reality device may
include a Google Glass™, an Oculus Rift™, a Hololens™,
a Gear VR™  etc. In some embodiments, a built-in device 1in
the vehicle 130-4 may include a built-in computer, an
onboard built-in television, a built-in tablet, etc. In some
embodiments, the user terminal 130 may include a signal
transmitter and a signal receiver configured to communicate
with the positioning device 170 for locating the position of
the passenger and/or the user terminal 130, and determining
a relative distance from his/her position to a road.

The driver may also receive new roads on a map via the
driver device 140. The driver device 140 may obtain new
roads from the processing engine 112 via the network 120.
The driver device 140 may include a plurality of dniver
devices 140-1, 140-2, . . ., 140-». In some embodiments, the
driver device 140 may be similar to, or same as the user
terminal 130. In some embodiments, the driver device 140
may be customized to implement online services based on
maps obtained from the processing engine 112.

The storage 150 may store data and/or instructions. The
data may include data related to road maps, road networks,
passengers, drivers, and/or external environment. Merely for
illustration purposes, data related to road maps may include
clectronic maps, a photo of a paper map, an aerial photog-
raphy, a remote sensing image, etc. Data related to passen-
gers may include user profiles. Data related to the drivers
may 1nclude dniver profiles. Data related to external envi-
ronment may include weather conditions, road features, eftc.
In some embodiments, the storage 150 may store data
obtained from the user terminal 130 and/or the driver device
140. For example, the storage 150 may store log information
associated with the user terminal 130.

In some embodiments, the storage 150 may store data
and/or 1nstructions that the processing engine 112 may
execute to process maps or map-related 1images as described
in the present disclosure. In some embodiments, data storage
160 may include a mass storage, a removable storage, a
volatile read-and-write memory, a read-only memory
(ROM), or the like, or any combination thereof. Exemplary
mass storage may include a magnetic disk, an optical disk,
a solid-state drive, etc. Exemplary removable storage may
include a flash drive, a tloppy disk, an optical disk, a
memory card, a zip disk, a magnetic tape, etc. Exemplary
volatile read-and-write memory may include a random

access memory (RAM). Exemplary RAM may 1include a
dynamic RAM (DRAM), a double date rate synchronous

dynamic RAM (DDR SDRAM), a static RAM (SRAM), a
thyristor RAM (T-RAM), and a zero-capacitor RAM
(Z-RAM), etc. Exemplary ROM may include a mask ROM
(MROM), a programmable ROM (PROM), an erasable
programmable ROM (EPROM), an electrically erasable
programmable ROM (EEPROM), a compact disk ROM
(CD-ROM), and a digital versatile disk ROM, etc. In some
embodiments, the storage 150 may be implemented on a
cloud platform. Merely by way of example, the cloud
plattorm may include a private cloud, a public cloud, a
hybrid cloud, a community cloud, a distributed cloud, an
inter-cloud, a multi-cloud, or the like, or any combination
thereof.

In some embodiments, one or more components in the
map processing system 100 may access the data or mnstruc-
tions stored 1n the storage 150 via the network 120. In some
embodiments, the storage 150 may be directly connected to
the server 110 as a backend storage.

The positioning device 170 may determine information
associated with an object, for example, one or more of the
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user terminal 130, the driver device 140, etc. For example,
the positioning device 170 may determine a current location
of the user terminal 130. In some embodiments, the posi-
tioming device 170 may be a global positioning system
(GPS), a global navigation satellite system (GLONASS), a
compass navigation system (COMPASS), a BeiDou navi-
gation satellite system, a Galileo positioning system, a
quasi-zenith satellite system (QZSS), etc. The information
provided by the positioning device 170 may include a
location, an elevation, a velocity, or an acceleration of the
object, and/or a current time. The location may be 1n the
form of coordinates, such as, a latitude coordinate and a
longitude coordinate, etc. The positioning device 170 may
include or associate with one or more satellites. The satel-
lites may determine the information mentioned above 1nde-
pendently or jointly. The positioning device 170 may send
the information mentioned above to the user terminal 130, or
the dniver device 140 via the network 120.

One of ordinary skill in the art would understand that
when an element of the map processing system 100 per-
forms, the element may perform through electrical signals
and/or electromagnetic signals. For example, when a user
terminal 130 processes a task, such as determining new
roads, the user terminal 130 may operate logical circuits in
its processor to process such task. When the user terminal
130 sends out an 1mage (e.g., a road map) to the server 110,
a processor of the user terminal 130 may generate electrical
signals encoding the image. The processor of the user
terminal 130 may then send the electrical signals to an
output port. If the user terminal 130 communicates with the
server 110 via a wired network, the output port may be
physically connected to a cable, which further transmait the
clectrical signal to an input port of the server 110. If the user
terminal 130 communicates with the server 110 via a wire-
less network, the output port of the user terminal 130 may
be one or more antennas, which convert the electrical signals
to electromagnetic signals. Similarly, a driver device 140
may process a task through operation of logical circuits 1n its
processor, and receive an instruction and/or information
from the server 110 via electrical signals or electromagnet
signals. Within an electronic device, such as the user termi-
nal 130, the driver device 140, and/or the server 110, when
a processor thereol processes an instruction, sends out an
instruction, and/or performs an action, the instruction and/or
action 1s conducted via electrical signals. For example, when
the processor retrieves data (e.g., road networks) from a
storage medium (e.g., the storage 150), 1t may send out
clectrical signals to a read device of the storage medium,
which may read structured data in the storage medium. The
structured data may be transmitted to the processor 1n the
form of electrical signals via a bus of the electronic device.
Here, an electrical signal may refer to one electrical signal,
a series of electrical signals, and/or a plurality of discrete
clectrical signals.

FIG. 2 1llustrates an exemplary computing device 200 on
which the map processing system can be implemented
according to some embodiments of the present disclosure.

The computing device 200 may be a general purpose
computer or a special purpose computer. Both may be used
to 1mplement the map processing system of the present
disclosure. The computing device 200 may be used to
implement any components ol the services as described
herein. For example, the processing engine 112 may be
implemented on the computing device 200, via 1ts hardware,
soltware program, firmware, or a combination thereof.
Although only one such computer 1s shown for convenience,
the computer functions related to the service as described

10

15

20

25

30

35

40

45

50

55

60

65

10

herein may be implemented 1n a distributed manner on a
number of similar platforms to distribute the processing
load.

The computing device 200, for example, may include
COM ports 250 connected to and from a network (e.g., the
network 120) connected thereto to facilitate data communi-
cations. The computing device 200 may also include a
processor 220, in the form of one or more processors, for
executing program instructions. The exemplary computer
platform may include an internal communication bus 210,
program storage and data storage of different forms, for
example, a disk 270, and a ROM 230, or a RAM 240, for
various data files to be processed and/or transmitted by the
computer. The exemplary computer platform may also
include program instructions stored in the ROM 230, the
RAM 240, and/or other type of non-transitory storage
medium to be executed by the processor 220. The methods
and/or processes of the present disclosure may be 1mple-
mented as the program instructions. The computing device
200 also includes an I/O component 260, supporting mput/
output between the computer, the user, and other compo-
nents therein. The computing device 200 may also receive
programming and data via network communications.

Merely for 1llustration, only one CPU and/or processor 1s
described 1n the computing device 200. However, 1t should
be noted that the computing device 200 in the present
disclosure may also include multiple CPUs and/or proces-
sors, thus operations and/or method steps that are performed
by one CPU and/or processor as described in the present
disclosure may also be jointly or separately performed by
the multiple CPUs and/or processors. For example, the CPU
and/or processor of the computing device 200 may execute
both step A and step B. As 1n another example, step A and
step B may also be performed by two diflerent CPUs and/or
processors jointly or separately 1 the computing device 200
(e.g., the first processor executes step A and the second
processor executes step B, or the first and second processors
jointly execute steps A and B)

FIG. 3 illustrates an exemplary mobile device on which
the on-line services can be implemented, according to some
embodiments of the present disclosure. As 1llustrated 1n FIG.
3, the mobile device 300 may include a communication port
310, a display 320, a graphic processing umt (GPU) 330, a
CPU 340, an I/O 350, a memory 360, and a storage 390. In
some embodiments, any other suitable component, 1includ-
ing but not limited to a system bus or a controller (not
shown), may also be included 1n the mobile device 300. In
some embodiments, a mobile operating system 370 (e.g.,
10S5™  Android™, Windows Phone™, etc.) and one or more
applications 380 may be loaded 1nto the memory 360 from
the storage 390 1n order to be executed by the CPU 340. The
applications 380 may include a browser, a map application,
or any other suitable mobile apps for transmitting, receiving
and presenting information relating to a service order (e.g.,
a plurality of names associated with an address text) from
the processing engine 112 and/or the storage 150. User
interactions with the imformation stream may be achieved
via the I/O 350 and provided to the processing engine 112
and/or other components of the on-demand service system
100 via the network 120.

FIG. 4 illustrates an exemplary processing engine 112
according to some embodiments of the present disclosure.
The processing engine 112 may include an acquisition
module 410, a processing module 420, an I/O module 430,
and a communication module 440. One or more modules of
the processing engine 112 may be connected to or commu-
nicate with each other via a wired connection, a wireless
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connection, or any combination thereof. The wired connec-
tion may include a metal cable, an optical cable, a hybnd
cable, or the like, or any combination thereof. The wireless
connection may 1include a Local Area Network (LAN), a
Wide Area Network (WAN), a Bluetooth, a ZigBee, a Near

Field Communication (NFC), or the like, or any combina-
tion thereof.

The acquisition module 410 may be configured to conduct
data acquisition. In some embodiments, the acquisition
module 410 may acquire various types of data. Merely by
ways ol example, the acquired data may include map
images, road network images, machine learming models
(e.g., a DCNN model), hyper-parameters of machine learn-
ing models, user instructions, programs, algorithms, or the
like, or a combination thereof. In certain embodiments, a
map 1mage may be used as an overview of major routes and
features of a region. In some embodiments, the terms “map,”
and “map 1mage,” in the present disclosure are used inter-
changeably. The map 1images may be an electronic map, a
photograph of a paper map (e.g., a printed map, a hand-
drawn paper map), an acrial map, a remote sensing map, or
the like. In some embodiments, the map 1image may include
a plurality of roads and point of interests (e.g., educational
istitutions, tourism sites, hospitals, shops, restaurants,
hotels, air ports, train stations, etc.). As used herein, the term
“road”, unless specified, refers road 1illustrated on a map or
map 1mage. A road network 1mage may refer to an 1image
including a plurality of roads, which are represented by
lines. In some embodiments, the term “road network,” and
“road network i1mage” 1n the present disclosure are used
interchangeably. In some embodiments, the map processing
system 100 may generate a road network 1mage based on a
map. In some embodiments, a road network image may
include one or more road features such as coordinates of two
ends of a road, road length, road width, road safety, traflic
light, traflic flow, road maintenance, road type (highway,
service road, one-way street, two-way street, etc.), etc. The
acquisition module 410 may acquire data from a storage
device (e.g., the storage 150), a terminal device (e.g., the
user terminal 130, the driver device 140, etc.), an external
source (e.g., a cloud data center, etc.), or the like.

The processing module 420 may be configured to process
data related to map 1images and/or road network 1images. The
processing module 420 may obtain or receive data and/or
information from the acquisition module 410, the storage
module 430, and/or any storage devices capable of storing
data (e.g., storage 150, or an external data source). In some
embodiments, the processing module 420 may obtain or
receive a primary machine learning model (e.g., a deep
convolutional neural network (DCNN) model), and train the
machine learning model to determine a trained model. The
processing module 420 may use the trained model to deter-
mine a road network 1mage based on a map 1image. In some
embodiments, the processing module 420 may periorm
various operations on map images and/or road network
images to determine new roads on the road map images
and/or the road network images. For example, the various
operations may include convolution operation, deconvolu-
tion operation, concatenation operation, 1mage enhance-
ment, or the like, or a combination thereof.

The processing module 420 may include a hardware
processor, such as a microcontroller, a microprocessor, a
reduced instruction set computer (RISC), an application
specific itegrated circuits (ASICs), an application-specific
instruction-set processor (ASIP), a central processing unit
(CPU), a graphics processing unit (GPU), a physics pro-
cessing umt (PPU), a microcontroller unit, a digital signal
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processor (DSP), a field programmable gate array (FPGA),
an advanced RISC machine (ARM), a programmable logic
device (PLD), any circuit or processor capable of executing
one or more functions, or the like, or any combinations
thereof.

The I/O module 430 may be configured to enable a user
to 1teract with the processing engine 112. In some embodi-
ments, a user may set hyper-parameters including, for
example, learming rate, and/or mini-batch size, via the I/O
module 430 to train a machine learning model. As another
example, the I/O module 430 may output information (e.g.,
one or more network images ol new roads, a request
message for choosing a map 1mage) to a user.

The I/0 module 430 may also include an 1input device and
an output device. Examples of the input device may include
a control panel, a keyboard, a mouse, a touch screen, a
microphone, or the like, or a combination thereof. Examples
of the output device may include a display device, a loud-
speaker, a printer, a projector, or the like, or a combination
thereof. Examples of the display device may include a liquid
crystal display (LCD), a light-emitting diode (LED)-based
display, a flat panel display, a curved screen, a television
device, a cathode ray tube (CRT), a touch screen, or the like,
or a combination thereof.

The communication module 440 may be configured to
connect the processing engine 112 to a network (e.g.,
network 150) to facilitate data communication. The com-
munication module 440 may establish connections between
the processing engine 112 and the user terminal 130, the
driver device 140, the storage 150, and/or an external
information source. The connection may be a wired con-
nection, a wireless connection, any other communication
connection that can enable information transmission and/or
reception, and/or any combination of these connections. The
wired connection may include, for example, an electrical
cable, an optical cable, a telephone wire, or the like, or any

combination thereof. The wireless connection may include,
for example, a Bluetooth™ link, a Wi-F1™ link, a WiMax™

link, a WLAN link, a ZigBee link, a mobile network link
(e.g., 3G, 4G, or 5G), or the like, or a combination thereof.
In some embodiments, the communication module 440 may
be and/or include a standardized communication port, such
as RS232, RS4R85, etc. In some embodiments, the commu-
nication module 440 may be a specially designed commu-
nication port.

It should be noted that the above description of the
processing engine 112 1s merely provided for the purposes of
illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple vanations and modifications may be made under
the teachings of the present disclosure. For example, the
processing engine 112 may further include a storage module
facilitating data storage. However, those variations and
modifications do not depart from the scope of the present
disclosure.

FIG. 5 1s a block diagram of an exemplary processing
module 420 according to some embodiments of the present
disclosure. As 1illustrated in FIG. 5, The processing module
420 may include an image processing unit 510, a training
unit 520, and a storage unit 530. In some embodiments, one
or more units of the processing module 420 may be 1mple-
mented by at least one processor, such as the processor 220.

The mmage processing unit 310 may be configured to
process a map image and/or a road network 1image. In some
embodiments, the image processing unit 310 may determine
a road network 1mage. For example, the image processing
unit 510 may obtain a map from the acquisition module 410,
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and obtain a trained DCNN model from the training unit
520. The 1image processing unit 310 may generate a road
network i1mage by processing the map with the tramned
DCNN model.

In some embodiments, the 1mage processing unit 510 may
process a road map or a road network 1mage by performing
various operations to determine new roads on the road map
image or the road network image. The various operations
may include convolution operations, deconvolution opera-
tions, concatenation operations, pooling operations, 1image
enhancement operations (e.g., histograms enhancement,
contrast enhancement, etc.), or the like, or a combination
thereof. For example, the image processing unit 310 may
perform a convolution operation on a map to extract main
features (e.g., road information) from the map. As another
example, the 1mage processing unit 310 may perform a
concatenation operation on two road network images to
generate another road network 1mage including information
of both the two road network images. As still another
example, the 1image processing umt 510 may perform a
contrast enhancement operation to help 1identifying different
types of roads on a map.

The tramming unmit 520 may be configured to traimn a
machine learning model. In some embodiments, the machine
learning model may include a regression model, a neural
network model, a maximum likelihood estimation model, or
the like. In some embodiments, the machine learning model
may include a DCNN model. The DCNN model may be
used to generate a road network image based on a map
image. In some embodiments, the training unit 520 may
obtain a preliminary DCNN model, and determine a trained
DCNN model based on the preliminary DCNN model. The
preliminary DCNN model may be set by a user, determined
according to default settings of map processing system 100,
or a combination of both.

In some embodiments, the training unit 520 may obtain
training data from the acquisition module 410, and train the
DCNN model based on the training data. The traiming data
may include, for example, a plurality of road map 1mages
and a plurality of road network 1mages corresponding to the
road map 1mages. In some embodiments, the training unit
520 may train the DCNN model 1in an iterative process.

The storage unit 530 may be configured to store data
related to the determination of new roads. The data may be
obtained from the processing module 420, the user terminal
130, the drniver device 140, the storage 150, one or more
external information source (e.g., a cloud data center),
and/or any other component of the map processing system
100. The storage unit 530 may store various data including,
for example, programs, codes, algorithms, road maps, road
network images, machine learning models, and/or hyper-
parameters of a machine learning model. The storage unit
530 may also store computer mstructions executed by one or
more units of the processing module 420 to perform one or
more functions described in the present disclosure.

FIG. 6 illustrates a flowchart of an exemplary process 600
for determining new roads on a map according to some
embodiments of the present disclosure. In some embodi-
ments, the process 600 may be executed by the map pro-
cessing system 100. For example, the process 600 may be
implemented as a set of instructions stored 1n a non-transi-
tory storage medium of the server 110. The processor 220
may execute the set of instructions and perform the steps in
the process 600 accordingly.

In 610, a first road network image of a region may be
obtained. In some embodiments, the first road network
image may be obtained by the acquisition module 410. The

10

15

20

25

30

35

40

45

50

55

60

65

14

first road network image may include a first plurality of
roads. In some embodiments, the first plurality of roads may
not include new roads such as but not limited to newly
constructed roads and newly modified roads (e.g., expansion
of roads). Merely for illustration purposes, the first road
network 1mage may be generated based on a map, for
example, an older version map. The region illustrated 1n the
first road network 1mage may refer to any geographical area.
For example, the region may be a continent, a country, a
province, a state, a shire, a city, a town, a district, a
community, a school, a factory, a park, etc.

In some embodiments, the first road network 1image may
include a first plurality of roads. Each of the first plurality of
roads 1n the first road network 1image may be represented by
a line of a certain width. In some embodiments, the lines
representing the first plurality of roads may have a similar
width. In some embodiments, the lines representing the first
plurality of roads may have diflerent widths. For example, a
width of a line may be determined according to a width of
a real road corresponding to the line.

In 620, a second road network image of the region may be
determined based on a map of the region with a trained
DCNN model. In some embodiments, the acquisition mod-
ule 410 may obtain a map 1mage of the region. The map may
be an electronic map, a photograph of a paper map (e.g., a
printed map, a hand-drawn paper map), an aerial map, a
remote sensing map, or the like. In some embodiments, the
map may be a road map, which may include all or part of the
routes of the region. In some embodiments, the map may
turther include a plurality point of interests (e.g., educational
istitutions, tourism sites, hospitals, shops, restaurants,
hotels, air ports, train stations, etc.). In some embodiments,
the map 1mage of the region may be a latest version.

In some embodiments, a trained DCNN model may be
obtained to process the map images. In certain embodi-
ments, the tramned DCNN model may be obtained from the
training unit 520. A second road network image may be
determined by processing the map image with a DCNN
model. The DCNN model may process the road map with a
plurality of layers, such as convolution layers, deconvolu-
tion layers, pooling layers, atrous layers, etc. In some
embodiments, details regarding the DCNN model may be
described elsewhere 1n the present disclosure, for example,
FIGS. 8 and 9, and the descriptions thereof. The second road
network 1mage may have a certain size. In some embodi-
ments, the second road network 1image may have a same size
as the first road network image. For example, both the
second road network image and the first road network image
may have a size ol 256x256. The size 256x256 may repre-
sent 256 pixels 1n width and 256 pixels in height. As another
example, both the second road network 1mage and the first
road network 1image may have a size of 9x9 cm. The size 9x9
cm may represent 9 cm 1n width and 9 cm 1n height.

The second road network image may include at least a
second plurality of roads. The second plurality of roads 1n
the second road network image may correspond to new
roads (e.g., newly constructed roads, modified or recon-
structed road, etc.) that are not present in the first road
network 1mage. In some embodiments, the second road
network 1mage may include part or all of the first plurality
of roads and the second plurality of roads. Fach of the
second plurality of roads 1n the second road network image
may also be represented by a line of a certain width. In some
embodiments, the lines representing the first plurality of
roads and the lines representing the second plurality of roads
may have a same width. In some embodiments, the lines
representing the second plurality of roads and the lines
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representing the second plurality of roads may have different
widths. For example, the lines representing the second
plurality of roads may have a larger width than the lines
representing the first plurality of roads.

In 630, the first plurality of roads 1n the first road network
image may be changed from a first width to a second width.
The widths of the lines representing the first plurality of
roads may be changed by, for example, the 1mage processing,
unit 510. In some embodiments, the first width may be larger
than the second width. The image processing unit 510 may
shrink the first plurality of roads to the second widths. In
some embodiments, the first width may be smaller than the
second width. The image processing unit 510 may expand
the first plurality of roads to the second widths. In some
embodiments, the widths of the first plurality of roads in the
first road network 1mage may be changed according to an
image morphological algorithm, such as an expansion algo-
rithm, a fast parallel algorithm, etc. In some embodiments,
the second plurality of roads in the second road network
image may also have the second width. In some embodi-
ments, aiter being processed (e.g., by the 1image processing,
unit 510), the width of the first plurality of roads in the first
network 1mage 1s the same as the width of the second
plurality of roads 1n the second road network image.

In 640, a third road network 1mage of the region may be
determined by concatenating the first road network image
(after being processed i 630) and the second road network
image. The third road network 1mage of the region may be
determined by, for example, the 1mage processing unmit 510.
In some embodiments, the image processing unit 510 may
perform a concatenation operation or mput the first road
network 1mage and the second road network image into a
concatenation layer of a neural network (e.g., the trained
DCNN model) to implement the third road network image
determination. The third road network image may include
information of both the first road network image and the
second road network image. The information may include
various types of road features, such as but not limited to
relative position of a road in the road network image, road
length, road width, etc.

In some embodiments, the size of the third road network
image may be determined according to the size of the first
road network image and/or the size of the second road
network 1mage. In some embodiments, 1f both the first road
network 1mage and the second road network image have a
same predetermined size, the third road network image may
also have the predetermined size. Merely for illustration
purposes, both the first road network 1image and the second
road network image may have a size o1 256x256. Each of the
first road network 1mage and the second road network image
may correspond to a matrix of 256*256%2, which indicates
that the first road network image and the second network
image may store imformation in two channels. Then the third
road network i1mage may correspond to a matrix of
256*256™4, which indicates that the third road network
image may store information in four channels. In certain
embodiments, information of both the first road network
image and the second road network 1image may be stored 1n
the four channels of the third road network image; and the
third road network 1mage may have a size of 256x256.

In 650, a fourth road network 1image of the region may be
determined by processing the third road network image with
at least one convolution layer (e.g., of a DCNN model). The
fourth road network 1image may be determined, for example,
by the image processing unit 510. In some embodiments, the
image processing unit 5310 may determine the fourth road
network 1image by processing the third road network image
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with a convolution layer and obtaining the processed results.
The convolution layer may be provided by a neural network
(e.g., the trained DCNN model). In some embodiments, the
image processing unit 310 may determine the fourth road
network 1image by performing a differentiation operation on
the third road network image. In certain embodiments, the
differentiation operation may process information of one or
more channels of the third road network 1mage, and remove
same elements 1n the one or more channels. Merely for
illustration purposes, the 1image processing unit 510 may
remove the first plurality of roads from the third road
network i1mage. In some embodiments, the fourth road
network 1mage may include the second plurality of roads
(1.e., the new roads).

In 660, coordinates of two ends of each of the second

plurality of roads may be determined based on the fourth
road network 1mage. The coordinates of two ends of each of
the second plurality of roads may be determined by, for
example, the 1image processing unit 510. In some embodi-
ments, a coordinate system may be established to facilitate
the determination of the coordinates. Relative positions
between two ends of each of the second plurality of roads
and an origin of the coordinate system may be determined.
In some embodiments, coordinates of two ends of each of
the second plurality of roads may be determined according
to the relative positions. In some embodiments, the coordi-
nates may be expressed 1n forms of a latitude coordinate and
a longitude coordinate. In some embodiments, coordinates
of two ends of each of the second plurality of roads may be
determined according to one or more algorithms. Merely by
ways ol example, the one or more algorithms may include
a Hough transformation.
The operations of the process 600 are intended to be
illustrative and not limiting. In some embodiments, the
process 600 may be accomplished with one or more addi-
tional operations not described, and/or without one or more
of the operations discussed. Additionally, the order in which
the operations of the process 600 are performed is not
intended to be limiting. For example, process 600 may
turther include transmitting the second road network image
to the storage 150 or any other components in the map
processing system 100 by the communication module 440.
Similar modifications should fall within the scope of the
present disclosure.

FIG. 7 illustrates a schematic diagram 700 for determin-
ing new roads on a map according to some embodiments of
the present disclosure. In some embodiments, the schematic
diagram 700 may correspond to steps 610 through 650
illustrated in FIG. 6. The map processing system 100 may
obtain a map 710 and a first road network 715. The first road
network 715 may include a plurality of roads. In some
embodiments, the first road network 715 may be generated
based on an older version map. The map 710 may be a latest
version that may turther include one or more new roads such
as but not limited to newly constructed roads and newly
modified roads (e.g., expansion of roads) that are not present
in the first road network 715. The map processing system
100 may process the map 710 and/or the first road network
715 with a plurality of layers of one or more neural net-
works. As illustrated 1n FIG. 7, the plurality of layers may
include multiple layers of a DCNN model 720, a convolu-
tion layer 725, a concatenation layer 740, and a convolution
layer 760.

The DCNN model 720 may be configured to determine a
second road network based on a map. In some embodiments,
the DCNN model may take a form of multiple layers of a
neural network. The DCNN model 720 may process the map
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710, and generate a second road network 730, as described
in 620. In some embodiments, the second road network may
have a similar size as the road map, and may reserve
information of the map 710. The DCNN model 720 may
have a certain network structure, such as ResNet-101, VGG-
16, etc. An embodiment of a network structure of the DCNN
model 720 may be disclosed 1in FIG. 8.

In some embodiments, the convolution layer 725 may be
configured to process roads 1n the first road network 715. For
example, the convolution layer 723 may obtain the first road
network, and generate a processed first road network 1mage
735. In certain embodiments, the convolution layer 725 may
change the lines representing the roads i the first road
network 715 from a first width to a second width. I the first
width 1s larger than the second width, the convolution layer
725 may shrink the lines 1n the first road network 715. It the
first width 1s smaller than the second width, the convolution
layer 725 may expand the lines 1n the first road network 715.

In some embodiments, the concatenation layer 740 may
be configured to combine two 1mages and generate another
image containing information of both the two images. For
example, the concatenation layer 740 may obtain the second
road network 730 and the processed first road network 735,
and generate a third road network 750. In some embodi-
ments, the concatenation layer 740 may obtain information
of the second road network 730, the first road network 715,
and the processed first road network 735, and store the
obtained information separately in different channels.

The convolution layer 760 may be configured to generate
a Tourth road network 770 based on the third road network
image 7350. The convolution layer 760 may process infor-
mation of one or more channels of the third road network
750, and remove same elements 1n the one or more channels.
In some embodiments, the removal may be realized by
performing a differentiation operation on the third road
network 750. The fourth road network 770 may just include
the new roads.

It should be noted that the above description 1s merely
provided for the purposes of illustration, and not intended to
limit the scope of the present disclosure. For persons having
ordinary skills 1n the art, multiple variations and modifica-
tions may be made under the teachings of the present
disclosure. For example, the convolution layer 725, the
concatenation layer 740, and/or the convolution layer 760
may be a part of the DCNN model 720. However, those
variations and modifications do not depart from the scope of
the present disclosure.

FIG. 8 1s a schematic diagram 1llustrating an exemplary
network structure of a DCNN model 800 according to some
embodiments of the present disclosure. The DCNN model
800 may have various types of network structures, such as
ResNet-101, VGG-16, etc. In FIG. 8, an exemplary network
structure of VGG-16 1s provided for the purposes of 1llus-
trating a DCNN model. Only presented as an example, the
DCNN model 800 may include three pairs of convolution
layer and pooling layer 810 through 830, an atrous convo-
lution layer 840, three deconvolution layers 850, 870, and
890, and two skip layers 860 and 880. A skip layer may be
configured to be configured to generate an 1image with a finer
pixel based on at least two 1mages.

The first pair of convolution layer and pooling layer 810
may be configured to generate a first feature 1mage (also
referred to as 1mage A 815). The first pair of convolution
layer and pooling layer 810 may obtain a map image 805 and
generate an 1image A based on the map 1image 805. In some
embodiments, the convolution layer may extract features
from the map 1mage 805. Specifically, the convolution layer
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may convolve the map image with a set of filters, and
produce a plurality of feature 1mages. The pooling layer may
down-sample the feature 1images output from the convolu-
tion layer. Merely by ways of example, the pooling layer
may utilize one or more pooling methods to down-sample
the feature 1images. Exemplary pooling methods may include
average pooling, maximum pooling, stochastic pooling, etc.
The first pair of convolution layer and pooling layer 810 may
extract one or more features of the map 1mage 8035 as well
as reduce the size of the map image 805. For example, the
s1ze ol the image A 8135 may be one half the size of the map
image 805.

The second pair of convolution layer and pooling layer
820 may be configured to further extract one or more
features from the output (1.e., the 1image A 815) of the first
pair of convolution layer and pooling layer 810, and gen-
crate a second feature image (also referred to as image B
825). In some embodiments, the second pair of convolution
layer and pooling layer 820 may be similar to or the same as
the first pair of convolution layer and pooling layer 810.
Merely for 1llustration purposes, the size of the image B 825
may be one fourth the size of the map 1image 805.

The third pair of convolution layer and pooling layer 830
may be similar to or the same as the first pair of convolution
layer and pooling layer 810 and/or the second pair of
convolution layer and pooling layer 820. The third pair of
convolution layer and pooling layer 830 may generate a
third feature 1mage (not shown i FIG. 8) based on the
output (1.¢., the image B 825) of the second pair of convo-
lution layer and pooling layer 820. The size of the third
image may be one eighth the size of the map image 805.

In some embodiments, the atrous convolution layer 840
may be configured to improve quality of an 1mage. More
particularly, the atrous convolution layer 840 may facilitate
dense feature extraction, field of view enlargement, and/or
resolution improvement of an 1image. In some embodiments,
the atrous convolution layer 840 may obtain the output of the
third pair of convolution layer and pooling layer 830 (1.¢e.,
the third image), and may generate a fourth feature image
(also referred to as 1image C 843). The atrous convolution
layer 840 may improve the resolution of the third image.
Thus, the resolution of the image C may have a larger
resolution and more features than the third 1image. In some
embodiments, the atrous convolution layer 840 may or may
not change the size of the mput image. For example, the
image C 845 may have a same size as the third image.

The first deconvolution layer 850 may be configured to
up-sample an mput 1mage. In some embodiments, the first
deconvolution layer 850 may obtain the output of the atrous
convolution layer 840 (1.e., image C 845), and generate a
fifth feature 1image (also referred to as image D 855). In some
embodiments, the first deconvolution layer 850 may enlarge
the image C 845. For example, the first deconvolution layer
850 may double the size of the image C 845. In certain
embodiments, the size of the image D 8535 may be one fourth
the size of the map 1mage 805.

The first skip layer 860 may be configured to combine two
images into one 1mage. In some embodiments, the first skip
layer 860 may obtain the output of the first deconvolution
layer 850 (1.e., the image D 855) and the output of the second
pair of convolution layer and pooling layer 820 (1.e., the
image B 825), and generate a sixth feature image (also
referred to as image E 865). In certain embodiments, both
the image D 855 and the image B 825 may have a same size.
In some embodiments, the first skip layer 860 may combine
the two 1mages element-by-element. Specifically, arithmetic
operations (e.g., product, sum, max, etc.) may be performed
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between each pixel in the image D 855 and each corre-
sponding pixel in the image B 825. For example, the first
skip layer 860 may add two pixels, which may correspond
to each other 1n the two 1mages, and generate a pixel of the
image E 865. In certain embodiments, the image E 865 may
include features of both the image B 825 and the image D
855. In some embodiments, the image generated by the first
skip layer 860 may have a same size as the images imput into
the first skip layer 860. For example, the size of the image
E 865 may be one fourth the size of the map image 805.

The second deconvolution layer 870 and the third decon-
volution layer 890 may be similar to or the same as the first
deconvolution layer 850. In some embodiments, the second
skip layer 880 may also be similar to or the same as the first
skip layer 860. In some embodiments, the second deconvo-
lution layer 870 may be configured to obtain the output of
the first skip layer 860 (i.e., the image E 865), and generate
a seventh feature image (also referred to as image F 875). In
certain embodiments, the size of the image F 875 may be one
half the size of the map 1mage 805. The second skip layer
880 may be configured to obtain the output of the second
deconvolution layer 870 (i.e., the image F 875) and the
output of the first pair of convolution layer and pooling layer
810 (i.e., the 1image A 815), and generate an eighth feature
image (also referred to as image G 883). In some embodi-
ments, the 1mage G 8835 may include features of both the
image A 815 and the image F 875. In certain embodiments,
the size of the image G 885 may be one half the size of the
map 1mage 803.

The third deconvolution layer 890 may be configured to
obtain the output of the second skip layer 880 (1.¢., the image
(G 885), and generate a ninth feature 1image (also referred to
as image H 895). In certain embodiments, the image H 8935
may be the output of the DCNN model 800. In certain
embodiments, the image H 895 may have a same size as the
map 1mage 805. In some embodiments, the map image 805
may be similar to or the same as the map 710. The image H
895 may be the second road network 730 in connection with
FIG. 7.

It should be noted that the above description 1s merely
provided for the purposes of illustration, and not intended to
limit the scope of the present disclosure. For persons having
ordinary skills 1n the art, multiple variations and modifica-
tions may be made under the teachings of the present
disclosure. For example, the DCNN model 800 may further
include a fourth pair of convolution layer and pooling layer,
a third skip layer, and/or a fourth deconvolution layer.
However, those variations and modifications do not depart
from the scope of the present disclosure.

FIG. 9 1s a flowchart illustrating an exemplary process
900 for tramning a machine learning model according to
some embodiments of the present disclosure. The process
900 may be mmplemented as a set of istructions 1n a
non-transitory storage medium of the processing engine 112.
The processor 220 of the computing device 200 may execute
the set of instructions and may perform the steps in the
process 900 accordingly.

In 910, a preliminary machine leaning model may be
obtained. The preliminary machine leaning model may be
obtained by, for example, the acquisition module 410. The
preliminary machine leaning model may include but not
limited to, a preliminary neural network, one or more layers
of a preliminary neural network, or the like. For example,
the preliminary machine leaning model may include a
preliminary DCNN model or one or more layers of a
preliminary neural network model (e.g., one or more con-
volution layers, one or more deconvolution layers, one or

10

15

20

25

30

35

40

45

50

55

60

65

20

more pooling layers, one or more atrous convolution layers,
one or more skip layers, one or more output layers, etc.). The
preliminary machine leaning model may have one or more
parameters which may be updated or optimized 1n a training
process. The one or more parameters may include, for
example, learning rate, regularization item, batch size,
weilght, and/or multiple parameters of one or more of the
plurality of layers.

In 920, a plurality of maps and road network images may
be obtained. The plurality of maps and road networks may
be obtained by, for example, the acquisition module 410.
The acquisition module 410 may obtain or receive the
plurality of maps and road networks from a storage device
(c.g., the storage 150), a terminal device (e.g., the user
terminal 130, the driver device 140, etc.), an external source
(e.g., a cloud data center, etc.), or the like. In some embodi-
ments, the acquisition module 410 may obtain or receive a
plurality of maps and a plurality of road networks corre-
sponding to the plurality of maps to train a preliminary
DCNN model. In some embodiments, the plurality of maps
and the corresponding road networks may have a same size.
For example, the maps and the corresponding road networks
may have a size (e.g., 256x256). In some embodiments, 11
the maps have different sizes, the map processing system
100 may adjust the si1ze of the maps to a predetermined size,
for example, by enlarging or shrinking one or more of the
maps. In certain embodiments, the predetermined size may
be set by a user, or may be determined according to default
settings of the map processing system. In certain embodi-
ments, the predetermined size 1s the size of one of the maps.
In some embodiments, the plurality of maps may include
road features of different scenarios. Merely by ways of
example, the plurality of maps may include city road maps,
street road maps, road maps of a community, road maps of
a campus, or the like. In some embodiments, the acquisition
module 410 may obtain or receive a plurality of road
networks and a plurality of processed road networks corre-
sponding to the plurality of road networks to train one or
more layers of a preliminary neural network model (e.g.,
convolution layer 725 and/or convolution layer 760).

In 930, the preliminary machine learning model may be
trained based on the plurality of maps and road networks.
The preliminary machine learning model may be trained by,
for example, the traiming unit 520. In the training process, a
map or a road network may be input into the preliminary
machine learning model. The preliminary machine learming
model may output a road network as a processing result. The
training module 420, for example, may obtain or receive a
road network corresponding to the map or the road network
input 1nto the machine learning model, and take the obtained
road network as a reference. In some embodiments, the
training process may be an iterative process.

In some embodiments, during the training process, the
training unit 320 may compare the processing result with the
reference, and determine whether a preset condition 1s
satisfied. I1 the preset condition 1s satisfied, the process 900
may proceed to 940, and a trained machine learning model
may be determined. If the preset condition 1s not satisfied,
another map may be mput into the machine learning model,
and one or more parameters (€.g., one or more weights) of
the machine learning model may be updated based on the
input, the processing result, and/or the reference. In some
embodiments, the preset condition may relate to a diflerence
between the processing result and the reference. In some
embodiments, the preset condition may relate to a restriction
(e.g., a threshold for the difference between the processing
result and the reference) for an algorithm that when the
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algorithm satisfies the restriction, the iteration may termi-
nate. For example, the algorithm may be a loss function.

In some embodiments, a loss function may represent a
punishment on errors for determining a road on a map as the
background of the map (e.g., buildings, blank areas, etc.). In
some embodiments, the loss function may be determined
according to Equation (1):

(1)

where L may represent the loss function, 1 may represent a
road when 1=1, and may represent the background of a map
when 1=0, w, may represent a weight. Specifically, w, may
represent the weight of a road, and w, may represent the
weight of the background of a map. In some embodiments,
w, may be larger than w,. In some embodiments, p, may
represent a predicted probability of a road when 1=1, and
may represent a predicted probability of the background of
a map when 1=0.

In 940, a trained machine learning model may be deter-
mined. In some embodiments, the training process may
terminate when a convergence of the loss function 1s reached
in the traiming process. In some embodiments, the machine
learning model that 1s determined when the training process
terminates may be designated as the trained machine learn-
ing model. In some embodiments, the trained machine
learning model may be used to generate road networks based
on maps. For example, a trained DCNN model may be used
as the DCNN model 720 with reference to FIG. 7. As
another example, one or more trained convolution layers
may be used as the convolution layers 725 and 760 with
reference to FIG. 7. In some embodiments, the convolution
layer 725 and/or the convolution layer 760 may be part of
the DCNN model 720.

It should be noted that the above description of process
900 1s merely provided for the purposes of illustration, and
not intended to limit the scope of the present disclosure. For
persons having ordinary skills 1n the art, multiple variations
and modifications may be made under the teachings of the
present disclosure. For example, process 900 may further
include a validation operation for validating the stability of
the trained machine learning model. However, those varia-
tions and modifications do not depart from the scope of the
present disclosure.

FIG. 10 illustrates a schematic diagram for determining,
new roads on a map according to some embodiments of the
present disclosure. In some embodiments, FIG. 10 may be
described 1n connection with FIG. 6. As shown 1n FIG. 10,
a first road network 1mage 1010 may be obtained. The {first
road network image 1010 may include a plurality of roads in
a region. In some embodiments, the first road network image
1010 may be generated based on an older version map. In
some embodiments, a map 1020 may be obtained, and the
map 1020 may be a new version map of the region. The map
1020 may include a plurality of roads and POIs (e.g.,
buildings, bus stations, etc.) of the region. In some embodi-
ments, one or more of the plurality of roads on the road map
1020 may be new roads (e.g., newly constructed or recon-
structed), and the new roads are not present 1n the first road
network image 1010. In certain embodiments, the map 1020
may be input mto a trained DCNN model to generate a
second road network image 1030. Main features of the road
map 1020, such as the roads may be extracted and reserved
in the road network image 1030.

In some embodiments, the map processing system 100
may determine a road network image of new roads 1040
based on the first road network image 1010 and the second
road network 1mage 1030. In some embodiments, the road
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network 1mage of new roads 1040 may be obtained by
performing one or more processing operations on the first
road network image 1010 and the second road network
image 1030. The processing operations may include, for
example, a concatenation operation, a convolution opera-
tion, etc. In some embodiments, a coordinate system may be
established, and coordinates of two ends of each new road
on the road network image of new roads 1040 may be
determined to facilitate identifying the new roads.

Moreover, certain terminology has been used to describe
embodiments of the present disclosure. For example, the
terms “one embodiment,” “an embodiment,” and/or “some
embodiments” mean that a particular feature, structure or
characteristic described 1n connection with the embodiment
1s i1ncluded m at least one embodiment of the present
disclosure. Therelore, 1t 1s emphasized and should be appre-
ciated that two or more references to “an embodiment™ or
“one embodiment” or “an alternative embodiment™ 1n vari-
ous portions of this specification are not necessarily all
referring to the same embodiment. Furthermore, the particu-
lar features, structures or characteristics may be combined as
suitable 1n one or more embodiments of the present disclo-
sure.

Further, it will be appreciated by one skilled in the art,
aspects of the present disclosure may be illustrated and
described herein 1n any of a number of patentable classes or
context including any new and useful process, machine,
manufacture, or composition of matter, or any new and
useful improvement thereof. Accordingly, aspects of the
present disclosure may be implemented entirely hardware,
entirely software (including firmware, resident software,
micro-code, etc.) or combining software and hardware
implementation that may all generally be referred to herein
as a “module,” “unit,” “component,” “device” or “system.”
Furthermore, aspects of the present disclosure may take the
form of a computer program product embodied 1n one or
more non-transitory computer readable media having com-
puter readable program code embodied thereon.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including electro-magnetic, optical, or the
like, or any suitable combination thereof. A computer read-
able signal medium may be any computer readable medium
that 1s not a computer readable storage medium and that may
communicate, propagate, or transport a program for use by
or 1n connection with an istruction execution system,
apparatus, or device. Program code embodied on a computer
readable signal medium may be transmitted using any
appropriate medium, including wireless, wireline, optical
fiber cable, RF, or the like, or any suitable combination of
the foregoing.

Computer program code for carrying out operations for
aspects ol the present disclosure may be written 1n any
combination of one or more programming languages,
including an object oriented programming language such as
Java, Scala, Smalltalk, Eiflel, JADE, Emerald, C++, CH#,
VB.NFET, Python or the like, conventional procedural pro-
gramming languages, such as the “C” programming lan-
guage, Visual Basic, Fortran 2003, Perl, COBOL 2002, PHP,
ABAP, dynamic programming languages such as Python,
Ruby and Groovy, or other programming languages. The
program code may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
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server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider) or i a cloud computing
environment or oflered as a service such as a Software as a
Service (SaalS).

Furthermore, the recited order of processing elements or
sequences, or the use of numbers, letters, or other designa-
tions therefore, 1s not intended to limait the claimed processes
and methods to any order except as may be specified in the
claims. Although the above disclosure discusses through
various examples what 1s currently considered to be a
variety of useful embodiments of the disclosure, 1t 1s to be
understood that such detail 1s solely for that purpose, and
that the appended claims are not limited to the disclosed
embodiments, but, on the contrary, are itended to cover
modifications and equivalent arrangements that are within
the spirit and scope of the disclosed embodiments. For
example, although the implementation of various compo-
nents described above may be embodied in a hardware
device, it may also be implemented as a software only
solution, e.g., an 1nstallation on an existing server or mobile
device.

Similarly, 1t should be appreciated that in the foregoing
description of embodiments of the present disclosure, vari-
ous features are sometimes grouped together 1mn a single
embodiment, figure, or description thereot for the purpose of
streamlining the disclosure aiding 1n the understanding of
one or more of the various embodiments. This method of
disclosure, however, 1s not to be 1nterpreted as reflecting an
intention that the claimed subject matter requires more
features than are expressly recited in each claim. Rather,
claimed subject matter lie in less than all features of a single
foregoing disclosed embodiment.

We claim:
1. A system for determiming new roads on a map, com-
prising;:
at least one storage medium storing a set of 1nstructions;
and
at least one processor communicating with the at least one
storage medium, wherein when executing the set of
istructions, the at least one processor 1s directed to:
obtain a first road network 1mage of a region, the first
road network image including a first plurality of
roads;
determine a second road network image of the region
based on a map of the region with a tramned deep
convolution neural network (DCNN) model, the
second road network 1mage including a second plu-
rality of roads that are not present in the first road
network 1mage;
determine a third road network 1mage of the region by
concatenating the first road network 1mage and the
second road network 1mage, the third road network
image including information of the first road network
image and the second road network 1mage; and
determine a fourth road network 1mage of the region by
processing the third road network with at least one
convolution layer, the fourth road network including
the second plurality of roads.
2. The system of claim 1, wherein the at least one
processor 1s Turther directed to:
change the first plurality of roads 1n the first road network
image from a first width to a second width, wherein the
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first plurality of roads and the second plurality of roads
in the second road network image have the second
width.

3. The system of claim 1, wherein to obtain the trained
DCNN model, the at least one processor 1s directed to:

obtain a preliminary DCNN model;

obtain a plurality of maps and a plurality of road network

images corresponding the plurality of maps;

train the preliminary DCNN model based on the plurality

of maps and the plurality of road networks; and
determine the trained DCNN model based on the prelimi-
nary DCNN model and a loss function.

4. The system of claim 1, wherein the at least one
convolution layer 1s part of the trained DCNN model.

5. The system of claim 1, wherein the trained DCNN
model includes one or more pairs of convolution layer and
pooling layer, at least one atrous convolution layer, one or
more deconvolution layers, and one or more skip layers.

6. The system of claim 1, wherein the trammed DCNN
model includes:

one or more atrous convolution layers configured to

improve the resolution of a feature 1mage from a {first
value to a second value; and

one or more skip layers configured to combine two feature

images 1nto one combined feature 1mage.

7. The system of claim 6, wherein to combine the two
feature 1mages 1nto the one combined feature image, the first
skip layer 1s configured to:

combine the two feature 1mages into the one combined

feature 1mage element-by-element.

8. The system of claim 6, wherein the one combined
feature 1mage includes features of both the two feature
1mages.

9. The system of claim 1, wherein the size of the second
road network image 1s same as the size of the first road
network 1mage.

10. The system of claim 1, wherein to determine the third
road network 1mage of the region by concatenating the first
road network image and the second road network image, the
at least one processor 1s directed to:

determine the third road network image by inputting the

first road network 1mage and the second road network
image into a concatenation layer of the tramned DCNN
model.

11. The system of claim 1, wherein the at least one
processor 1s further directed to:

determine two ends of each of the second plurality of

roads based on the fourth road network image; and

determine coordinates of the two ends according to a

Hough transform.

12. A method implemented on at least one map processing
device that 1s used to detect objects 1n 1mages, comprising:

obtaining, by the at least one map processing device, a

first road network image of a region, the first road
network 1image including a first plurality of roads;

determiming, by the at least one map processing device, a

second road network image of the region based on a
map of the region with a tramned deep convolution
neural network (DCNN) model, the second road net-
work 1mage including a second plurality of roads that
are not present 1n the first road network 1mage;

determining, by the at least one map processing device, a

third road network 1image of the region by concatenat-
ing the first road network image and the second road
network 1image, the third road network 1image including
information of the first road network image and the
second road network 1mage; and
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determining, by the at least one map processing device, a
fourth road network 1image of the region by processing
the third road network with at least one convolution
layer, the fourth road network including the second
plurality of roads.

13. The method of claim 12, further comprising;

changing, by the at least one map processing device, the
first plurality of roads 1n the first road network image
from a first width to a second width, wherein the first
plurality of roads and the second plurality of roads in
the second road network 1mage have the second width.

14. The method of claim 12, wherein the trained DCNN
model 1s obtained by:

obtaining a preliminary DCNN model;

obtaining a plurality of maps and a plurality of road
network 1images corresponding the plurality of maps;

tramning the preliminary DCNN model based on the
plurality of maps and the plurality of road networks;
and

determining the trained DCNN model based on the pre-
liminary DCNN model and a loss function.

15. The method of claim 12, wherein the at least one

convolution layer 1s part of the trained DCNN model.

16. The method of claim 12, wherein the trained DCNN
model 1includes one or more pairs of convolution layer and
pooling layer, at least one atrous convolution layer, one or
more deconvolution layers, and one or more skip layers.

17. The method of claim 12, wherein the trained DCNN
model includes:

one or more atrous convolution layers configured to
improve the resolution of a feature 1image from a {first
value to a second value; and

one or more skip layers configured to combine two feature
images 1nto one combined feature image.

18. The method of claim 12, wherein determining, by the

at least one map processing device, the third road network
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image of the region by concatenating the first road network
image and the second road network 1mage includes:
determining, by the at least one map processing device,
the third road network image by inputting the first road
network 1image and the second road network 1image into
a concatenation layer of the tramned DCNN model.

19. The method of claim 12, further comprising:

determining, by the at least one map processing device,

two ends of each of the second plurality of roads based
on the fourth road network image; and

determining, by the at least one map processing device,

coordinates of the two ends according to a Hough
transform.
20. A non-transitory medium storing structions, the
instructions, when executed by at least one map processing
device, causing the at least one map processing device to
implement a method, comprising:
obtaining a first road network 1mage of a region, the first
road network 1mage including a first plurality of roads;

determining a second road network 1mage of the region
based on a map of the region with a tramned deep
convolution neural network (DCNN) model, the second
road network image including a second plurality of
roads that are not present in the first road network
1mage;
determining a third road network 1mage of the region by
concatenating the first road network image and the
second road network image, the third road network
image including information of the first road network
image and the second road network image; and

determinming a fourth road network 1image of the region by
processing the third road network with at least one
convolution layer, the fourth road network including
the second plurality of roads.
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